Sphingosine-1-phosphate (S1P) plays an important role in trafficking leukocytes and developing immune disorders including autoimmunity. In the synovium of rheumatoid arthritis (RA) patients, increased expression of S1P was reported, and the interaction between S1P and S1P receptor 1 (S1P1) has been suggested to regulate the expression of inflammatory genes and the proliferation of synovial cells. In this study, we investigated the level of S1P1 mRNA expression in the blood leukocytes of RA patients. In contrast to the previous reports, the expression level of this gene was not correlated to their clinical scores, disease durations and ages. However, S1P1 was transcribed at a significantly lower level in the circulating leukocytes of RA patients when compared to age-, and sex-matched healthy controls. Since these data may suggest the participation of S1P1, further studies are needed to determine the role of this receptor in the pathogenesis of RA.
INTRODUCTION
Rheumatoid arthritis (RA) is a chronic, systemic autoimmune disease characterized by inflammation and bone erosion in joints (1) (2) (3) . The joints in hands and feet are the primary targets of the inflammation, but the joints of shoulders, elbows, knees and other organs can also be impaired by this disease. Although the severity of this disease has been well documented, the pathogenesis of this disease is incompletely defined. It has been suggested that CD4 T helper (Th) cells and their secreted cytokines play a crucial role in developing and exacerbating the disease (4-6).
Naïve CD4 T cells encounter their cognitive Ag in the secondary lymphoid organs. After Ag-dependent activation, CD4 T cells develop into Th cells and egress from these organs. The egression of these Th cells relies on the tightly regulated mechanism, orchestrated by the chemotaxis of sphingosine-1-phosphate (S1P) and probably other chemokines. The high concentration of S1P in circulation compared to the lymph node is sensed by Th cells using S1P receptor 1 (S1P1), resulting in the egression of Th cells from the lymph node or the spleen (7) . Therefore, the regulation of S1P and S1P1 expression is important in mounting immune response including autoimmunity.
High levels of S1P expression in the synovium of RA patients were recently reported (8) . In addition, S1P has been shown to promote the expression of receptor activator of NF-κB ligand in an S1P1-dependent fashion, suggesting that this molecule can induce the production of inflammatory cytokines and the erosion of the bone (9) . Although the importance of S1P and S1P1 in the synovium became evident for the pathogenesis of RA, it has not been addressed if the expression of S1P1 by the leukocytes in the circulation is compromised in RA patients. Here, we compared the expression of S1P1 mRNA of circulating leukocytes including Th cells between RA patients and healthy controls. The level of S1P1 mRNA expression was decreased in the blood leukocyte of RA patients and loosely correlated with age. However, it did not represent the clinical score of RA. These data suggest that S1P1 expressed by blood leukocytes is important in the pathogenesis of RA.
MATERIALS AND METHODS

Patients
Eighteen RA patients and age and sex matched healthy controls were enrolled. RA was diagnosed according to the 1987 American College of Rheumatology (ACR) criteria or 2010 ACR/European League Against Rheumatism criteria (10, 11) . Data collected include tender joint count, swollen joint count, patient's global assessment, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), rheumatoid factor or anti-cyclic citrullinated peptide Ab, and current medication. RA patients were grouped by disease activity by DAS28 calculated using CRP (28-joint disease activity score 28): <2.6, remission; ≤3.2, low disease activity; >2 and ≤5.1, moderate disease activity; >5.1, high disease activity (12, 13) . This study was reviewed and approved by Institutional Review Board at Chungnam National University Hospital (IRB number: 2012-01-024), and that written informed consent for this research project was obtained from all participants.
Extraction RNA from RA patient blood
Peripheral blood mononuclear cells (PBMCs) were purified from blood samples of RA patients and healthy controls by a Ficoll-density gradient method (Ficoll-Paque™ Plus; GE Healthcare, Chicago, IL, USA) as described (14) . B cells were depleted from PBMC by negative selection using anti-CD19 MACS Microbeads (Miltenyi Biotec, Bergisch Gladbach, Germany). Total RNAs were extracted from these cells using a Trizol ® extraction protocol. Purified RNAs were analyzed immediately or stored at −80°C until use.
Quantitative RT-PCR (qRT-PCR) analyses
RNA was denatured at 65°C for 5 min in the presence of 4.8 μl of random primer, and reverse transcription reactions were performed in a 20 μl volume containing 1μl deoxynucleotidetriphosphates, 1 μl of RNase inhibitor, 2 μl of 0.1 M DTT, 4 μl of 5× first-strand Buffer and 1 μl of Superscript RT-II (Invitrogen, Carlsbad, CA, USA). The real-time qRT-PCR assay was carried out in a final volume of 25 μl as described previously (15) . The 5 μl of cDNA was added to 20 μl of reaction mixture prepared using the iTaq Universal SYBRN ® Green Supermix kit 2/6 https://doi.org/10.4110/in.2018.18.e39
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https://immunenetwork.org (Bio-Rad Laboratories, Hercules, CA, USA). Real time qRT-PCR assay was performed on a Stratagene MX3000P (Agilent Technologies, Santa Clara, CA, USA) under the following conditions: DNA polymerase activation at 95°C for 10 min, and 40 amplification cycles including denaturation at 95°C for 30 s and annealing at 60°C for 30 s, extension at 72°C for 30 s. Fluorescence data were recorded at the end of each cycle. The expression levels of S1P1 mRNA were normalized based on GAPDH expression. Ct values obtained from healthy controls were used as calibrator of mRNA expression in RA patients.
Molecular design of qRT-PCR primers
GAPDH; forward primer: 5′-CCACATCGCTCAGACACCAT-3′, reverse primer: 5′-ACCAGGCGCCCAATAGC-3′. S1P1; forward primer: 5′-TTCTGCGGGAAGGGAGTATG-3′, reverse primer: 5′-TATAGCGCTCAATGGCGATG-3′.
Statistical analysis
Association of continuous variables was estimated by Kendall's rank correlation. The difference between the patient group and control group was tested by Wilcoxon rank sum test (16) . Box-and-whisker plot was used for visualization. Null hypotheses of no difference were rejected if p-values were less than 0.05. The statistical analysis used SAS 9.3 software package (SAS Institute Inc., Cary, NC, USA).
RESULTS AND DISCUSSION
Since the increased level of S1P expression in the synovium of RA patients was reported, we hypothesized that the expression of S1P1 in the circulating leukocytes of these patients is also increased to facilitate the recruitment of these cells into the joints. In order to test our hypothesis we recruited 18 RA patients and aged 18 and above, sex-matched healthy donors ( Table 1) . Among the 18 RA patients, 14 were female (77.8%) and the mean age (±standard deviation) was 55.4±12.1 year-old. The median disease duration was 3 (range: 0-51) months, and rheumatoid factor or anti-cyclic citrullinated Ab was positive in 16 patients (88.9%). Eight patients were initially diagnosed as RA as the time of study. Laboratory characteristics as follows: ESR, 66.1±33.2 mm/h; CRP, 2.48±0.75 mg/dl. Disease activity measured by DAS28-ESR was 4.51±0.51, by DAS28-CRP 3.31±0.36. Methotrexate was used in 15 RA patients, prednisolone in 17, or leflunomide in 1 for treatment of RA.
We bled these patients and healthy subjects, and isolated leukocytes from the blood. To focus on the role of S1P1 in T cells and other major inflammatory leukocytes, we depleted B cells from the purified leukocytes. Total RNA from these remaining leukocytes were extracted and analyzed for the expression of S1P1 mRNA by employing qRT-PCR. First, we compared the expressions of S1P1 mRNA to the severity of the disease, because the expressions of this receptor may be related to the progression of the disease. To our surprise, the amount of S1P1 mRNA was not correlated to any clinical scores including DAS28-ESR and DAS28-CRP ( Fig. 1A and B) . We also found that the expression level of S1P1 mRNA was not correlated with patient's age (Fig. 1C) or the duration of the disease (data not shown). These data may indicate that the expression of S1P1 in the blood leukocytes does not influence the severity of the disease in any age of these patients. Next, we compared the level of S1P1 mRNA expression in the blood leukocytes between RA patients and healthy controls. As shown in Fig. 2 , the amounts of S1P1 mRNA from the leukocytes of the RA patients were significantly less than in controls. Based on these results, we concluded that the expression of this receptor in the blood leukocytes may not promote the development and maintenance of this disease. Instead, S1P1 may be important to regulate the development of the disease.
In this study, we examined the expressions of S1P1 in the leukocytes of RA patients in the mRNA level. We found that the level of S1P1 mRNA expression was not correlated with the severity and duration of the disease and the age of the patients. In addition, the amount of S1P1 mRNA from the blood samples of RA patients was significantly lower compared to the samples of healthy controls. These data suggest that S1P1 in the blood leukocytes is involved in the development of RA. This finding is paradoxical considering that the expression of S1P is upregulated in the joints of RA patients (8) , and that the S1P1 expression in the synovium is important for the pathogenesis of this disease (9, 17) . In addition, an antagonist of S1P1 has been shown to ameliorate the severity of the disease, stressing the importance of this receptor in the progress of RA (18) . After careful examination of those data, a few explanations can be proposed.
First, it has not been demonstrated that the antagonist of S1P1 affects the function of S1P1 in the blood. If the role of S1P1 in the circulation is not significant, the recruitment of inflammatory leukocytes into the joints may not be dependent on the chemotaxis of S1P. Therefore, it will be interesting to see whether the interaction between S1P and S1P1 is crucial in recruiting inflammatory cells into the joints of RA patients.
Another possible explanation is that the recruitment of inflammatory cells is mediated by S1P receptors other than S1P1. S1P has 5 different receptors (7) and other receptors have not been examined for their roles in the pathogenesis of RA. Therefore, further experiments will be necessary to understand the role of S1P receptors during the pathogenesis of RA.
A third explanation revolves around S1P1's importance in recruiting inflammatory cells to the joints in the onset of RA. Since the patients who participated in our study suffered this disease for a minimum 6 months estimated, it is safe to assume that the disease has been established in these patients. Therefore, pathogenic leukocytes have already been recruited at the time of the experiments so that the remaining blood leukocytes produce lower levels of S1P1 mRNA compared to healthy controls.
In addition to these explanations, we still cannot exclude the possibility that the expressions of S1P1 in the blood leukocytes from RA patients are not regulated normally. Since the regulation of S1P1 expression is poorly understood, it will require additional studies to test this hypothesis.
This study was aimed to examine the expression of S1P1 in the leukocytes of the blood from RA patients. Unexpectedly, the expressions of S1P1 mRNA from these cells were lower in RA patients compared to healthy controls, possibly suggesting that this receptor contribute to inhibit the progression of this disease. Therefore, this finding may lead us to further understand the pathogenesis of this autoimmune disease.
